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Object 

In  the  H.  T.  and  S.  Office  Report  No.  195,  "Transportation  Test  with 
Lemons  from  Southern  California  to  New  York,  August  l^ksn,  the  object  was 
stated  ae  being  "to  compare  different  methods  of  refrigerating  lemons  dur- 
ing shipment  in  the  warmest  summer  weather  and  to  determine  the  most 
economical  and  desirable  icing  service  for  such  shipment".    The  object  of 
the  lemon  transportation  test  herein  reported  was  the  samev  except  that 
the  weather  desired  was  not  "the  warmest  summer  weather" ,  but  that  which 
could  be  regarded  as  typical  of  late  spring  or  early  summer.    Baring  this 
period  there  is  a  transition  in  lemon  shipping  practice*  i.e.,  from  venti- 
lation to  ice  refrigeration,  and  the  shippers  are  often  uncertain  as  to 
when  the  change  to  ice  refrigeration  should  be  made  and  how  complete  an 
icing  service  should  be  selected.    The  present  test  was  made  in  order  to 
study  the  refrigeration  performance  of  some  of  the  less  complete  and  less 
expensive  icing  services.     (See  table  1.) 

Test  Cars  and  Loads 

Ten  cars  of  warehouse  cooled  lemons  were  loaded  May  IS  from  the 
Ontario- Cucumonga,  Queen  Colony,  and  San  Dimas  Fruit  Exchanges.    All  icing 
of  test  cars  both  at  San  Bernardino  and  en  route  were  supervised  by  the 
test  personnel.    The  icing  records  are  presented  in  table  2. 

The  test  cars  were  of  the  same  series,  having  the  same  dimensions 
throughout.    They  were  fan-equipped  and  had  grates  for  half-stage  refrig- 
eration.    The  rated  capacity  of  full  bunkers  and  of  half-stages  was,  re- 
spectively, 11,500  and  6,300  pounds  of  chunk  ice.     The  cars  were  steel 
sheathed,  carried  3"*3/2  inches  of  insulation  in  floors  and  CBiling6  and 
3  inches  in  side  and  end  walls.    One  car  was  equipped  for  a  restricted 
circulation  of  air  through  the  bunkers  as  described  for  car  E  in  H.  T.  & 
S.  Report  No.  195,  page  5. 

All  loads  were  the  prevailing  sise,  k€k  boxes;  two  layers  high  (on 
end)  eight  rows  wide  and  twenty-nine  stacks  long,  having  a  total  weight 
of  about  *K),000  pounds. 

Two  test  boxes  were  placed  in  each  car  at  the  center  line,  quarter- 
length  position  in  top  and  bottom  layers.  The  fruit  for  these  boxes  was 
all  from  one  packing  house  and  one  pool. 

Temperature  Records 

Temperature  records  within  the  cars  were  obtained  by  means  of  electric 
resistance  thermometers  at  twelve  positions  in  one  end  of  each  car;  at 
bunker,  in  the  seventh  stack  (quarter-length),  and  at  the  doorway.    Two  of 
the  thermometers  gave  top  and  bottom  air  temperatures  near  doorway  and  one 
showed  the  temperature  of  the  fruit  in  the  doorway  at  south  side.  The 
remaining  nine  thermometers  were  in  fruit  along  the  center  line. 
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Route  and  Running  Time 

The  test  was  routed  via  the  Santa  Fe,  Belt  Bailway  Company  of  Chicago, 
and  Erie  railroads  to  Jersey  City.    The  total  elapsed  time  to  Jersey  City 
from  San  Bernardino  was  176  hours  and  30  minutes.    Of  this,  99  hours  and 
U7  minutes  (56.5  percent)  was  running  time  and  76  hours  and  minutes 
(^3*5  percent)  standing. 

Weather  Conditions 

The  weather  conditions  encountered  did  not  prove  to  be  the  most 
desirable  for  the  purpose  of  the  test.     It  was  considered  that  an  average 
outside  temperature  of  about  65-70°?.  would  typify  the  transitional  period 
under  study.    The  average  temperature  of  the  first  U-l/2  days  of  the  test 
was  65 c,  which  was  quite  satisfactory,  but  that  for  the  remainder  of  the 
time  was  only  52. k°  which  was  cooler  than  desired,  resulting  in  an  over- 
all average  of  only  58.  6°F. 

The  cars  arrived  in  Jersey  City  the  morning  of  May  27  but  were  not 
unloaded  until  the  evening  of  May  30*    During  this  standing  period  the 
average  outside  temperature  was  55«5°» 

Condition  of  Test  Fruit  and  Commercial  Loads  at  Destination 

The  two  test  boxes  from  each  car  were  placed  together  on  a  special 
table  where  they  were  opened  and  unwrapped  for  inspection  and  comparison. 
There  was  no  decay  in  any  of  these  boxes  and  the  general  appearance  of 
the  lemons  was  very  uniform  and  good.    Careful  comparison,  however,  showed 
some  lack  of  firmness  of  the  test  lemons  from  car  Jr  which  received 
standard  ventilation  from  origin.    The  softer  fruits  were  found  only  in 
the  top  layers. 

The  commercial  loads  varied  considerably  from  car  to  car  and  among  the 
brands,  but  were  generally  of  good  appearance  and  firmness.    Where  pliable 
or  soft  fruit  was  found  the  condition  could  be  attributed  to  hollow  centers 
rather  than  to  excessive  loss  of  moisture  in  transit.    Decay  was  reported 
from  two  cars  only;  namely,  oars  A  and  B,  three  to  four  percent  in  the 
former  and  two  percent  In  the  latter.    These  cars  were  loaded  dry  and  pre- 
cooled  S  hours  by  carrier.    Car  B  was  afterwards  initially  iced,  half- 
stage,  and  reiced  once  in  transit,  a  service  which  produced  and  maintained 
an  average  fruit  temperature  of  Ul.$»  from  day  of  departure  to  unloading 
at  destination.    This  is  a  temperature  about  ten  degrees  lower  than  recom- 
mended for  lemons.    Car  A  received  no  ice  but  after  precooling  in  the  car 
the  vents  were  closed  to  Vaughn  with  standard  ventilation  beyond.  The 
average  fruit  temperature  in  this  car  was  53*         In  considering  the  de- 
cay reported  for  this  car  it  is  interesting  to  note  that  car  J,  which 
received  standard  ventilation  from  origin  showed  an  average  fruit  temper- 
ature of  55*l°t  but  no  decay  was  reported.    The  above  situation  indicates 
that  if  a  lemon  shipper  wishes  to  continue  ventilation  service  into  early 
summer,  only  the  strongest  fruit  should  be  selected  for  such  shipment. 
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Comparison  of  Air  and  ffru.it  Temperatures  in  Test  Care 

Records  were  kept  of  the  top  and  bottom  air  temperatures  in  the  test 
cars  at  center  line  near  the  doorways  in  positions  to  si  mil ate  "Liquido- 
metersM.    The  relation  between  the  air  and  fruit  temperatures  was  found 
to  be  substantially  the  same  as  reported  for  the  lemon  transportation  test 
of  August  lyhS*     The  discussion  of  the  matter  in  that  report  should  suffice 
except  it  may  be  mentioned  that  not  only  should  air  temperatures  be  read 
as  soon  as  possible  after  the  train  stops  in  order  to  obtain  the  closest 
coincidence  between  air  and  fruit  temperature,  but  also  that  at  least  in 
fan  cars  the  bottom  air  temperature  is  much  the  more  dependable.    In  the 
present  report  the  record  of  air  temperatures  and  the  average  fruit 
temperatures  as  presented  together  in  tables  3  *°  12  inclusive  justify 
this  conclusion. 

Bffect  of  Refrigeration  Service  on  Temperatures  in  Transit 

The  icing  services  selected  for  this  test  were  purposely  intended 
to  provide  less  refrigeration  than  those  of  August  I9US  test  because  of 
the.  likelihood  of  encountering  cooler  weather.    The  icing  or  ventilation 
services  used  are  listed  in  table  1.    The  most  complete  service  used  was 
for  car  C,  which  was  half-stage,  preiced  by  carrier,  replenished,  and 
two  reicings  in  transit.    Under  the  weather  conditions  of  the  test  this 
icing  service  proved  more  than  adequate.    The  fruit  temperature  at  time 
of  loading  was  about  55 °I»    By  the  second  day  en  route  the  average  fruit 
temperature  was  below  U5®  and  at  Chicago  it  had  fallen  below  ^0e  and  re- 
mained so  until  unloaded  in  Few  York.    The  average  fruit  temperature  was 
36. Sc  on  arrival  at  Jersey  City. 

On  account  of  the  weather  being  cooler  than  was  anticipated  most 
of  the  icing  plans  were  modified  slightly  en  route.    For  example:  car  H, 
half-stage,  was  reiced  at  Argentine  instead  of  at  Waynoka;  cars  P  and  G, 
full  bunkers,  were  to  be  reiced  at  Argentine  but  were  not  reiced  at  all; 
cars  S  and  D,  half-stage  were  reiced  at  Marion  instead  of  at  Argentine; 
car  I,  billed  half-stage,  pre-iced  by  carrier,  replenish,  do  not  reice, 
was  not  changed  but  the  bunkers  were  dry  at  Emporia,  Kansas.    The  average 
fruit  temperature  at  this  point  was  The  average  fruit  temperature 

-  rose  gradually  to  50°  by  the  time  of  arrival  at  Jersey  City  and  was  5^° 
at  unloading  three  days  later.    The  refrigeration  in  this  car  was  quite 
adequate  for  lemons.    This  is  only  one  of  numerous  instances  that  can  be 
cited  to  show  that  the  better  indication  of  proper  refrigeration  is  the 
temperature  of  the  commodity  rather  than  an  inspection  of  the  bunkers. 
By  the  latter  criterion  this  car  might  have  been  reiced  at  Argentine 
or  at  any  other  icing  station  thereafter  before  unloading  in  New  York. 

In  the  present  test  there  were  two  icing  services  which  were  of 
special  interest;  full  bunker,  preiced  by  carrier,  replenished,  do  not 
reice,  as  compared  with  half-stage,  preiced  by  carrier,  replenished,  one 
reicing  in  transit.     Comparative  data  for  these  two  services  Were 
available  for  non-fan  cars  but  apparently  not  for  fan  cars.     In  non-fan 
cars  this  half -stage  service  produced  somewhat  lower  temperatures  than 
the  full-bunker  service.    How  the  services  named  would  compare  in  fan 
cars  was  the  question.     In  the  August,  19^8  test  two  fan  cars  representing 
these  services  were  included,  and  they  arrived  at  Jersey  City  with  average 
transit  temperatures  of  h^,l  and  53»^e  f°T  tne  ful1  bunker  and  half-stage, 
respectively.     However,  as  the  weather  was  so  hot  these  cars  were  reiced 
at  Jersey  City  with  UOOO  pounds  each.     Cars  D  and  B  of  the  present  test 
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moved  under  the  same  services  (i.e.  half-stage,  PI,  Repl%,  one  EI  in 
transit,  and  full  bunker,  PI,  Repl.,  DUE).    The  full  bunker  car  again 
maintained  an  average  fruit  temperature  2  to  5  degrees  lower  than  the 
half-stage  car.    The  above  and  recent  additional  evidence  indicates  that 
yniie  the  half-stage,  PI,  Repl. ,  one  EI  in  transit  service  results  in 
slightly  better  temperatures  for  lemons,  it  is  not  sufficient  to  justify 
the  higher  cost  over  the  full  bunker  PI,  Repl.,  CUE  service. 

Gar  P,  which  had  restricted  air  circulation  through  the  bunkers, 
maintained  an  average  fruit  temperature  of  50. with  little  deviation 
during  the  entire  trip.     (This  car  corresponds  to  car  £  of  the  August, 
ISkS  test).    The  control  for  car  F  was  car  G,  which  maintained  an  average 
fruit  temperature  of  Ul.7°.    Both  car  P  and  car  G  were  full  banker,  pre- 
iced,  replenished,  and  not  reiced. 

The  temperature  of  the  fruit  adjacent  to  the  south  door  was  from 
one  to  three  degrees  highsr  than  the  average  fruit  temperature  in  the 
car*     It  is  probable  that  if  similar  records  had  been  taken  at  the  north 
door  the  temperatures  obtained  would  have  been  in  closer  agreement  to  the 
ear  average.     It  seems  reasonable,  therefore,  to  recommend  that  if  door- 
way fruit  temperatures  are  taken  during  customary  passing  inspection  they 
"be  taken  at  the  north  door.      Commodity  temperatures  at  doorway  at  time 
of  unloading  are  easily  determined  and  constitute  a  very  valuable  criterion 
of  refrigeration  conditions  within  the  car  at  that  time.     The  practical 
coincidence  of  doorway  commodity  temperature  and  the  average  temperature 
determined  in  this  test  at  time  of  unloading  is  shown  in  the  following 
table.     In  the  left  hand  columns  are  the  average  top  and  bottom  load 
temperatures  from  nine  thermometers  located  along  center  line  of  the  car 
and  in  the  right  hand  columns  are  Mr,  Scanlonfs  records  of  the  top  and 
bottom  temperature  obtained  manually  by  means  of  a  fruit  thermometer  at 
the  time  of  unloading  in  New  York. 
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The  maximum,  minimum  and  average  fruit  temperatures  for  all  cars 
and  outside  air  temperatures  are  presented  in  Figures  1  to  S  inclusive. 
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1/    Key:    PI  by  C  -  Preiced  by  carrier. 

II  by  C  -  Initially  ioed  by  oarrier. 
RI  -  Reiced  in  transit. 

FC  by  C  -  Precooled  by  carrier, 

Repl.  -  Bunkers  replenished  at  first  regular  icing  station. 
DNR         -  Do  not  reice  in  transit. 
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